MD, and the TAMI Study Group* Although impairment of left ventricular function in acute myocardial infarction is closely related to extent of necrosis, function in the noninfarct zone also contributes to global performance and thus may be of prognostic importance. We evaluated left ventricular regional wall motion by the centerline chord method in 332 patients treated with intravenous tissue-type plasminogen activator (t-PA) in the multicenter Thrombolysis and Angioplasty in Myocardial Infarction (TAMI) I trial. All patients had acute contrast ventriculograms of suitable quality for analysis, and 266 patients had paired acute and day 7 ventriculograms. Enhanced function of the noninfarct zone was present during acute catheterization (+0.3 SD/chord) and was associated with preservation of the acute ejection fraction (p=0.0001). Multiple linear regression analysis revealed the most powerful clinical factor associated with enhanced function of the noninfarct zone was the absence of multivessel disease (p =0.0001). Clinical factors that were related weakly to noninfarct zone function included female gender (p=0.08) and higher flow in the infarct artery (p=0.03). Neither the degree of infarct zone dysfunction nor infarct location was associated with hyperkinesis of the noninfarct zone. In hospital, mortality was closely related to function in the noninfarct zone (p=0.006), ejection fraction (p=0.025), and the number of diseased vessels (p=0.009) but was not related to infarct zone function (p=0.128). Improvement in regional wall motion of the noninfarct zone at day 7 was associated with worse function during acute catheterization (p=0.0001), enhanced perfusion in the infarct zone as assessed by Thrombolysis in Myocardial Infarction (TIMI) flow grade (p=0.004) and the use of emergency angioplasty (p=0.05), or complete revascularization with bypass grafting (p=0.006). These data suggest that early assessment of function within the noninfarct zone may provide useful information regarding the extent of coronary disease and subsequent prognosis. Identification of impaired noninfarct zone function may be useful to triage patients who may benefit from mechanical revascularization procedures. (Circulation 1989;80:245-253) Improvement in regional function of the infarct zone has been uniform with early reperfusion therapy of acute myocardial infarction; conversely, improvement in global ventricular performance has been less impressive.1-3 During acute ischemia, many patients exhibit "compensatory" hyperkinesis of noninfarcted myocardium, which may normalize the global ejection fraction despite dysfunction within the infarct zone.4,5 This hyperkinesis of the noninfarct zone usually subsides by the time of hospital discharge and as a consequence, ejection fraction fails to improve or may From the Division
worsen despite significant recovery of function in the infarct region.
In addition to understanding mechanisms responsible for evolution in global left ventricular function, knowledge of noninfarct zone function may aid in the evaluation of prognosis of patients with acute myocardial infarction. Although late prognosis after infarction is related to predischarge ejection fraction,6-10 few studies have focused on predictors of in-hospital mortality. Early assessment of regional function within the infarct zone appears to be of limited clinical value10U11; however, function of the noninfarct zone may be predictive of hemodynamic status12 and survival. 10, 13 Likewise, the presence of multivessel coronary disease has been associated with a high mortality after acute myocardial infarction.14 Whether this increased mortality is due to large infarction size, suppression of compensatory hyperkinesis in the noninfarct zone, or a combination of these factors has not been investigated. A better understanding of the pathophysiology of myocardial function remote from the infarct zone could lead to strategies enabling maximization of global ventricular function. Thus, the present study was undertaken to determine associated factors and clinical significance of noninfarct zone function.
Methods

Study Design
The study design has been previously described.3 Briefly, 386 consecutive patients with acute myocardial infarction presenting within 6 hours of symptom onset were enrolled in the multicenter Thrombolysis and Angioplasty in Myocardial Infarction (TAMI) trial. Each patient received intravenous tissue-type plasminogen activator (t-PA) (150 mg/ 6-8 hr).
Left ventriculography was performed as soon as arterial access was obtained. Coronary angiography was performed 90 minutes after initiation of t-PA infusion. Infarct vessel patency was made according to the Thrombolysis in Myocardial Infarction (TIMI) classification.15 Infarct vessels showing TIMI 2 or 3 flow patterns were considered to be patent. If a residual stenosis of more than 50% was present in a patent vessel amenable to angioplasty, patients were randomized at day 7 to either emergency percutaneous transluminal coronary angioplasty (PTCA) or deferred PTCA. Patients with an occluded infarct artery, defined as TIMI 0 or 1 flow, underwent emergency angioplasty to attempt reperfusion. Coronary angioplasty was performed in only the infarct artery, and success was defined as achievement of less than 50% residual stenosis and TIMI grade 2 or 3 flow. Stenoses in noninfarct vessels were not approached by angioplasty.
All patients received heparin infusion for 3-7 days, lidocaine infusion for 24 multiple linear regression and combining significant variables from the baseline clinical examination and cardiac catheterization with information regarding interim events that occurred during the hospitalization, mostly reflecting treatment received. These same steps were then repeated using the change in noninfarct zone function from acute to day 7 studies in 266 patients with paired ventriculograms. The change in noninfarct zone was calculated by subtracting the acute value from the day 7 value; thus, a positive number indicates improvement from acute to day 7 studies, and a negative number indicates deterioration in noninfarct zone wall motion. The Wilcoxon signed rank test was used to evaluate changes in regional or global left ventricular function. Univariate logistic regression analysis was used to determine the relation between in-hospital mortality and acute angiographic variables. Data are presented as mean+ 1 SD unless otherwise stipulated.
Results
Patient Characteristics
Characteristics of the 332 patients with acute ventriculograms and the 266 patients with paired ventriculograms of suitable quality for analysis are listed in Table 2 . Eighty percent of the population were men; 15% were previously taking (3-blockers; location of the infarct was anterior in 40%; and multivessel coronary disease was present in 47%. Emergency PTCA of the infarct artery was performed in 50% and was considered successful in 79%. Five percent of patients underwent emergency coronary bypass grafting for either failed PTCA, left main disease, or left main-equivalent disease. Elective bypass grafting was performed in 14%. Patient characteristics were similar except the group with acute ventriculograms contained 14 patients who died before follow-up catheterization. 5.0 zone dysfunction (63% with hyperkinesis vs. 55% without hyperkinesis, p<0.001) (Figure 2) .
The relation of the number of diseased vessels to regional left ventricular function is demonstrated in Figure 3 . One-, two-, and three-vessel coronary disease were associated with a similar degree of dysfunction of the infarct zone (-2.6, -2.4, and -2.8 SD/chord, respectively). Conversely, the noninfarct zone functioned quite differently as the number of diseased vessels increased, with regional wall motion measurements of +0.6, -0.2, and -0.8 SD/chord in one-, two-, and three-vessel disease, respectively. Impaired function within the noninfarct zone resulted in a reduced global ejection fraction (49.6+11.7%) in three-vessel coronary disease compared with one-and two-vessel disease (52.1±10.6% and 53.1±11.3%, respectively). When logistic regression modeling was used to evaluate improvement in noninfarct zone function during the hospitalization, the factor most closely associated with improvement during the hospitalization was the degree of dysfunction at baseline (p=0.0001) ( Figure 4 ). As demonstrated in Table 4 
Improvement in Noninfarct Zone
Discussion
During the early hours of acute myocardial infarction, enhanced function of the noninfarct zone resulted in greater preservation of ejection fraction and improved prognosis and was predictive of the extent of coronary artery disease. Improvement in noninfarct zone function at day 7 occurred in patients with worse function acutely and was further enhanced by greater perfusion of the infarct zone (as assessed by TIMI flow grade or the use of emergency angioplasty) or complete revascularization with bypass surgery. These data suggest that acute assessment of noninfarct zone ventricular function may enable risk stratification and triage of patients who may benefit from more aggressive revascularization strategies.
Acute Hyperkinesis of Noninfarct Zone
In the present study, noninfarct zone function was heterogenous and hyperkinesis of more than 1 SD/chord from normal was present in only 13% of patients. This finding is in contrast to animal studies where significant hyperkinesis of myocardium remote from the area of infarction occurs frequently.18-20 Many factors may contribute to the high incidence of compensatory hyperkinesis in the experimental setting. An open-chest preparation may alter regional left ventricular shape, loading conditions, and contraction patterns, thereby influencing the interaction between ischemic and nonischemic areas. Furthermore, in the clinical setting, factors such as medication use and multivessel coronary disease may affect ventricular function.
As expected, function within both infarct and noninfarct zones contributed to left ventricular ejection fraction. Because function of the noninfarct zone was not related to the degree of infarct zone dysfunction, remote hyperkinesis may not occur as a compensatory mechanism. Indeed, other studies have not demonstrated a relation between infarct size and noninfarct zone function.21,22 Augmented contractile performance of remote myocardium may relate to increased sympathoadrenergic stimulation,23 neurovascular reflex,24 or regional left ventricular unloading25 independent of infarct size.
The presence of a stenosis of more than 50% in a noninfarct vessel was associated with lack of hyperkinesis of the noninfarct zone. Recent studies have shown that interactions between vascular beds can be quite complex, with occlusion in one bed leading to ischemia in the other.26-30 After occlusion of a coronary vessel in the dog, flow normally increases in the remaining coronary arteries due to an increase in metabolic demand. However, an acute coronary occlusion may impair recruitment of collateral blood flow, thus increasing the relative hemodynamic significance of a stenosis in the noninfarct vessel. This phenomenon may result in "ischemia at a distance" and prevent augmented contraction of remote myocardium. Remote ischemia and lack of compensatory hyperkinesis of the noninfarct zone may be responsible for severe hemodynamic collapse associated with acute myocardial infarction in multivessel coronary artery disease.12,13,31 Indeed, the global impact of acute coronary occlusion may be determined by the extent of coronary disease and its effect on contraction of the noninfarct zone. Thus, early assessment of function in the noninfarct zone may provide useful information regarding the extent of coronary artery disease.
Interestingly, enhanced perfusion of the infarct zone (as assessed by TIMI flow grade) was associated with augmented contraction of remote myocardium. Restoration of flow in the infarct-related artery may allow recruitment of collateral blood flow from the infarct zone to remote myocardium perfused by a stenotic vessel.
Previous studies focusing on late prognosis after myocardial infarction found a relation with predischarge ejection fraction.6-10 We have shown that after an aggressive reperfusion strategy consisting of thrombolysis, angioplasty, and bypass grafting when necessary, survival after hospital discharge is excellent.32 Because the majority of deaths occur within the first few days, we believe it is important to define risk factors during the acute phase of infarction. Our data demonstrated that acute global ejection fraction was associated with in-hospital mortality. However, differences in median ejection fraction between survivors and nonsurvivors was not striking, perhaps limiting one's clinical ability to predict survival. The discrepancy between our study and others may be due to aggressive revascularization (50% underwent coronary angioplasty and 19% received bypass grafting before follow-up catheterization) or the small sample size of patients who died in our study. Likewise, the analysis of inhospital rather than long-term survival using acute rather than predischarge ventriculography may alter the relative significance of predictive variables. Although both infarct and noninfarct zones contribute to global ventricular function, only noninfarct zone function significantly predicted in-hospital mortality. Despite successful reperfusion of the infarctrelated artery, "stunned" myocardium may result in late recovery of function in the infarct zone.33 During this period of postischemic dysfunction, global ventricular performance appears to be predominantly dependent on function in the noninfarct zone. Thus, it is not surprising that mortality and hemodynamic collapse are closely related to noninfarct zone performance. Furthermore, our data suggest that the poor prognosis associated with multivessel coronary artery disease may be due to ischemia within the noninfarct zone ( Figure 3) . Thus, early assessment of wall motion within the noninfarct zone may provide additional useful information regarding the extent of coronary artery disease and prognosis.
Improvement in Noninfarct Zone Function
at Day 7 Because function of the noninfarct zone was heterogenous during acute catheterization, it is not surprising that on the average "regression of hyperkinesis" at day 7 was minimal (-0.05 SD/chord). As demonstrated in Figure 4 , deterioration or "regression" occurred when the noninfarct zone was initially hypercontractile, conversely improvement occurred when the noninfarct zone was acutely depressed. Serial 
